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Abstract 
The use of automatically controlled interior Venetian blinds can provide view and penetration of daylighting 
through window.  In this study, an automatic system of vertical blinds affixed behind windows situated on 
north-west facades of a laboratory room were developed in order to investigate its daylighting performance.  
The system controls automatically the blind slats to shade out beam sunlight.  Simulation using reference 
calculation algorithms and sky luminance distribution models and utilizing measured beam sunlight and diffuse 
daylight from the sky or skylight produces results that agree well with results from experiments.  Moreover, 
using records of beam sunlight and diffuse skylight illuminance, simulation results show that the automated 
vertical blind and electric lighting system, when used in a room with the same configuration as that of the 
experimental room, can utilize daylight to save more than 24% of electric lighting energy in every month of the 
simulated year while maintaining illuminance at the workstation at the required level. 
 
© 2013 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the Research Center in 
Energy and Environment, Thaksin University. 
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1. Introduction 
Glazed windows are the critical component of building envelope that influences highly on the building 
energy demand.  In the tropics where skylight is voluminous and the sun transverses in all directions, windows 
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with properly designed shading introduce effectively exterior daylight to illuminate an interior space jointly with 
light from electric lamps [1] including protecting building occupants from glare situation.  In tropical Thailand, 
large glazed windows with vertical blinds as internal shading are currently popular envelope features of 
commercial buildings and even residential houses.   
Daylighting of glazed windows with shading slats has been studied in various configurations and under 
different climate conditions.  In a high latitude region, a study conducted experiments in real offices to measure 
the workplane daylight illuminance from double glazed windows with horizontal slats and the resultant power 
consumption from dimmable light lamps [2].  The results showed that the interior daylight is influenced largely 
by tilted angle of the slats, varying sky conditions, and sun position relating to window orientation.  Energy 
savings from lighting depended on types of controls by which the continuous dimming offered in most cases 
higher savings than the automatic on/off.  Other studies conducted daylight simulations to achieve optimal 
configuration and tilted angle of the slats on window [2]. 
 
Nomenclature 
 
E  blinds inclination angle  
I  zenith angle 
J  azimuth angle 
K  incident angle 
W transmittance 
A area 
E  illuminance  
L  luminance  
Sb  slat separation 
Wb  blind width 
 
Studies of windows with slats have involved in modeling of the daylight transmission.  The report 
Daylighting Coefficient of Utilization Tables [3] described step-by-step a computer-based method to predict the 
daylight from the window along the room depth.  This method adopted IESNA sky models [4] to generate 
luminance distribution patterns over the sky vault; however not applicable for tropical skies [5].  In the 
Engineering Manual of EnergyPlus (a building energy simulation program [6]), a model of daylight transmission 
through slates was presented.  This model treats the slats as a layer of a multi-layer window system and accounts 
for the effect of the inter-reflection of the light between the slats and the panes of glazed window.  The model 
employs the ASRC-CIE model to describe the luminance distributions over the sky.  In the tropics, 
Chaiwiwatworakul et al. [7] proposed an alternative model applicable to calculate the interior daylight from the 
slats.  All above studies assessed the daylighting performance using the daylight autonomy approach that 
examines the absolute daylight to achieve a desirable target of the interior illuminance.  However, Nabil and 
Mardaljevic [8] proposed and recommended to evaluate the performance by a new approach called “Useful 
daylight illuminance” or UDI.  The approach determines occurrences of daylight illuminances within a useful 
range of 100–2,000 lux, and outside the range i.e. less than 100 lux and greater than 2,000 lux.  The approach 
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can interpret better the climate-based analysis of daylight illuminance levels that are founded on hourly 
meteorological data for a period of a full year.  It would lead to higher level of occupant satisfaction and energy 
savings. 
This paper aims to investigate performance of a window unit with automatic vertical slats located inside a 
room for daylighting in the tropics.  For commercial air-conditioned buildings, the slat window can be applied in 
various areas such as lobby hall, main office, circulating area, library, etc.  This study comprises experimental 
and simulation studies of the slat window.  Experiments were performed to characterize the interior daylight 
delivered from the window.  A validated calculation algorithm was used to simulate the annual interior daylight 
from the window and to predict the resulting electrical energy consumption of a continuous dimmable lighting 
system.  This study was limited its scope to the window on east and west facades where the vertical slats can 
shade effectively the direct sunlight. 
2. Experiments 
A series of full scale experiments were conducted to measure the daylight transmitted from a slat window 
and its distribution in an interior space.  The experimental site was at a room of the faculty of engineering and 
industrial technology building in Sanam Chandra Palace campus of Sulpakorn University (latitude 13.49°N and 
longitude 100.20°E).  The experimental facilities, equipment and measurements can be described as follows. 
2.1. The experimental room 
The experimental room was a rectangular shape with dimensions of length 6.36 m. and width 2 m.  The room 
height was 3.5 m. measured from the floor to the ceiling.  A single pane glazed window was situated on north-
west wall of the room.  The window was 1.9 m. wide and 1.45 m. high and its sill was 0.95 m. above the floor.  
The window was mounted with the vertical slats over the back side of the existing 6 mm. clear glass.  Fig. 1 
exhibits a pictorial view of the test room.  Table 1 summarizes the specific information of the room and the 
environment. 
Table 1. Specific information of the experimental room and its environment 
Item Internal Dimension (m) Area (m2) Material Reflectance Transmittance 
Experimental Room 
Wall 6.36 x 3.5 (NE & SW walls) 2.00 x 3.5 (NW & SE walls) 58.52 Brick & cement 0.60 - 
Ceiling 6.36 x 2 12.72 Concrete slap 0.60 - 
Floor 6.36 x 2 12.72 Concrete slap 0.60 - 
Window 1.90 x 1.45 2.76 Clear glass 0.08 0.80 
Environment 
Ground - - Concrete 0.40 - 
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Fig. 1. The experimental room and the installation of blind. 
The blind slats used in the experiments were white-painted aluminum.  Fig. 2 shows two adjacent slats at top 
view to indicate the slat inclination angle (E), distance between of the slats and blind width.  The average 
reflectance in the visible wavelength of the slats was 0.68. The daylight illuminance at the center of the room on 
the work plane level (0.75m above floor) was measured using a light sensor. The data was acquired very hour 
from 7:00-18:00 hr. Global and diffuse horizontal illuminance data is acquired from department of physics, 
Faculty of Science, Silpakorn University, Nakorn Pathom, Thailand. The station is nearby the experimental site. 
Using the facilities above, the experiments were performed for the case by tilting the slats to angles, E, of 30o 
(as shown in Fig. 2).  The experimental results were used to validate the calculation algorithms to be described 
in Section 2.2. 
 
Fig. 2. Top view of two adjacent slats 
2.2. Calculation of the daylight from the slat window 
Daylight illuminance at a point on an interior surface (wall, floor or ceiling) of a room comprises (i) the 
daylight received directly from the window source and (ii) those obtained from multiple reflections of the light 
between the surfaces. 
Based on the principle above, this study adopted an approach of the daylight calculation in [7] to determine 
the interior daylight from the slat window. The calculation begins with dividing the window and the interior 
surfaces into a number of small segments.  The direct component of the daylight on segment i (Edi) is 
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contributed from the incremental light flux from an incremental patch of the slat window.  The component can 
be computed numerically using (1). 
 
cos sindi WE L d dJ I K I I J ³ ³   (1) 
In (1), Lw represents the window luminance that varies with the line of sight from point i to the patch on the 
window.  Value of Lw is obtained as the weighted average between the luminance of the exterior source (sky or 
ground) and that of slat surface (either right or left surface).  The luminance value of a patch of sky can be 
computed using ASRC-CIE sky model [9].  The luminance values of the right and left slat surfaces are 
calculated from reflections of lights from the sun, the sky and ground on the slat surfaces and the two panes of 
the glazed window. K stands for the angle of incidence between the line of sight and the normal to plan of the 
wall segment.  I and J are zenith angle and azimuth angle of a point in a room, respectively. The beam 
illuminance on segment i (Esi) due to the non-slat reflected sunlight can be expressed as (2): 
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In the equation, Esw stands for the sunlight on the outer glass pane. Wwo and Wwi are respectively visible 
transmittances of the outer and inner glazed windows.  Aw is the window area.  Aj is the area of the sunlit 
segment j.  Ki is the incident angle of the sunlight on the segment i, and n is the total number of the segments in 
the room lit by the sunlight.  In the equation, a variable Fb represents a fraction of the sunlit area to the total 
window area that can be derived from geometrical position of the slats: 
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Where D is the difference between solar azimuth angle (Js) and window azimuth angle (Jw), Wb is width of a 
blind slat, and Sb is blind separation. Because this study focused on the vertical slats where blind tilted angle can 
be positive or negative value, the absolute value of angle were used in (3). 
Actually, (2) is a balance of the flux of the sunlight leaving from the inner glass pane of the slat window and 
the flux falling on the sunlit surface segments in the room.  A segment is assumed to receive the sunlight if a 
line drawn from the center point of the segment to the sun is within the field of view from the point to the 
window scene.  The total direct illuminance from the window on segment i (Ei) can be calculated as the sum of 
Edi and Esi. 
To deal with the exchange of the light flux by multiple reflections between the small segments of the interior 
surfaces, form factors are calculated for the whole segments.  The form factors are then used in radiosity method 
in determining the internally reflected components of the daylight and the total daylight illuminance on the 
segments.  In the final step, the configuration factors between points on the work plane and the segments are 
determined and used to calculate the workplane illuminance. 
2.3. Experimental Results 
Results from the experiments were used to illustrate characteristics of the interior daylight from the slat 
window in the tropics.  The results were also used to validate the algorithms described in Section 3. 
An experiment of the window with slat angle of 30q was conducted on 4th February 2013.  Fig. 3(a) shows a 
plot of the global and the diffuse horizontal illuminances measured on the date of experiment.  Variation of an 
insolation index namely sky ratio is also exhibited in the plot.  It can be observed that the values of sky ratio fell 
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between 0.3 and 0.5 excluding those in the early morning and in the late afternoon.  The sky was rather clear on 
the experimental day. 
Fig. 3(b) exhibits the measured workplane illuminances in the middle of the room when the blind was fixed 
at 30 degree.  It is observed that the illuminance values of the illuminance were still beyond 500 lux for most of 
the afternoon (13:00-17:00).  The plot also shows a good agreement between the measured illuminance values 
and the corresponding values obtained from the calculation. 
 
(a) Exterior daylight and sky condition    (b) Interior illuminance 
Fig. 3. Experimental results of the window with a slat angle 30q on 4th February 2013. 
3. Simulation-Based Analysis 
The validated algorithm was used to simulate the daylight from the automated blind for a whole year. The 
blind slats are programmed to tilt automatically according to position of the sun in order to fully shade direct 
sunlight. A complete one-year hourly record of the daylight and solar radiation measured in Thailand was used 
for the simulation. In the simulation, a model room was set similar to the test room but its length was extended 
to 15 m. allowing daylight to penetrate deep into the interior without the limit of room depth.  Values of the 
interior surface reflectance were defined to 0.7 for ceiling, 0.5 for walls and 0.3 for floor identical to those in the 
IES Lumen method for daylight calculation [10].  No modification was made for the blind properties. 
Daylighting performance of the slat window was evaluated by useful daylight illuminance (UDI) method and 
lighting power density (LPD) from the electric lighting.  The UDI method was considered to be suitable for the 
tropics where the distributions of sky luminance are non-uniform and the daylight from the sky (and from the 
sun) can vary immensely over a short period.  In order to determine the energy savings, the electric lamps were 
assumed to be dimmable.  The light from the electric lamps would supplement the daylight to meet the target 
light level.  The base case assumed all the lamps were fully turned on during typical office hours 8:00-17:00 for 
five days a week (Monday-Friday). The simulation presumed that the light luminaires on the room ceiling 
provided uniformly a target illuminance on workplane level (0.75 m. above floor) regardless of daylight.  Each 
luminaire was housed with two T8 fluorescent lamps (36W) and one electronic ballast (2W).  One lamp 
produced the light flux of 2,680 lumens.  By Lumen method calculation and a Coefficient of Utilization value 
(CU) of 0.50 for typical lighting design, the light power densities (LPD) of lighting to provide the illuminance at 
800, 500 and 300 lux were calculated at 28.0, 17.5 and 10.5 W/m2, respectively.   
Table 2 summarizes monthly results of the simulation for the East-facing slat window with clear glass with 
automated blind.  According to the UDI, the table presents the occurrences of the daylight illuminance on the 
workplane within the useful range of 100-2,000 lux, over 2,000 lux and below 100 lux.  It is observed that the 
daylight can illuminate deep into the end of the room or nine times of the window height for the entire year.  
However, the interior daylight near the window is over 2,000 lux for 4-14% of the time.  The results in the 
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lower part of the table are presented for the slat window facing west.  On this orientation, the direct sunlight can 
also penetrate through the slat window for the whole year.  The window luminance values are comparatively 
higher during June to October.  The potential area of daylighting starts from the window up to nine times of the 
window height.  The daylight illuminance values are in the range of 100-2,000 lux for 33-50% of the time of a 
year. 
Table 3 exhibits monthly average values of the daylight in the room.  It is observed that the daylight 
illuminance drop exponentially from the window to the rear wall.  The table also presents the supplementing 
electric light and the light power density (LPD) as a function of the distance from the window required 
achieving the workplane illuminance of 500 lux.   
The LPD at 10%D is about the 25% of the rated power consumption.  The last two columns of the table 
present the annual average LPD and the resulting energy savings of the model room. 
 
Table 2. The daylight from the window with automated blind 
Month 
Window 
luminance 
(Cd/m2) 
Occurrence of the workplane daylight 
between  
100-2,000 lux (%) 
Occurrence of the workplane daylight 
over 2,000 lux (%) 
Occurrence of the workplane daylight 
below 100 lux (%) 
10%D 30%D 50%D 70%D 90%D 10%D 30%D 50%D 70%D 90%D 10%D 30%D 50%D 70%D 90%D 
 East orientation 
Jan 1782.7 89.4 61.6 50.6 45.2 40.6 7.7 0.0 0.0 0.0 0.0 2.9 38.4 49.4 54.8 59.4 
Feb 1748.5 90.3 57.2 47.2 44.5 37.2 7.9 0.0 0.0 0.0 0.0 1.7 42.8 52.8 55.5 62.8 
Mar 1567.4 87.1 47.4 36.5 31.0 23.2 5.2 0.0 0.0 0.0 0.0 7.7 52.6 63.5 69.0 76.8 
Apr 1567.9 73.7 42.0 26.7 22.3 16.7 9.7 0.0 0.0 0.0 0.0 16.7 58.0 73.3 77.7 83.3 
May 1514.0 92.3 55.8 42.9 33.2 15.8 4.5 0.0 0.0 0.0 0.0 3.2 44.2 57.1 66.8 84.2 
Jun 1953.8 85.7 63.7 49.3 46.3 32.7 12.7 0.0 0.0 0.0 0.0 1.7 36.3 50.7 53.7 67.3 
Jul 2021.4 84.8 71.0 50.0 41.0 30.0 13.9 0.0 0.0 0.0 0.0 1.3 29.0 50.0 59.0 70.0 
Aug 1662.3 76.8 54.8 29.0 21.0 15.5 7.4 0.0 0.0 0.0 0.0 15.8 45.2 71.0 79.0 84.5 
Sep 2020.9 79.3 64.3 44.7 39.7 33.3 13.0 0.0 0.0 0.0 0.0 7.7 35.7 55.3 60.3 66.7 
Oct 1969.6 76.5 60.6 48.1 46.5 42.3 16.5 0.0 0.0 0.0 0.0 7.1 39.4 51.9 53.5 57.7 
Nov 1691.2 85.3 58.0 50.0 49.0 41.7 8.7 0.0 0.0 0.0 0.0 6.0 42.0 50.0 51.0 58.3 
Dec 1649.2 89.7 59.4 50.0 48.7 44.2 3.9 0.0 0.0 0.0 0.0 6.5 40.6 50.0 51.3 55.8 
 West orientation 
Jan 1841.2 89.7 65.2 49.4 34.5 24.2 8.4 0.0 0.0 0.0 0.0 1.9 34.8 50.6 65.5 75.8 
Feb 1687.6 87.9 61.4 41.7 29.3 23.1 10.0 0.0 0.0 0.0 0.0 2.1 38.6 58.3 70.7 76.9 
Mar 1576.5 86.8 51.9 33.9 22.3 17.1 9.0 0.0 0.0 0.0 0.0 4.2 48.1 66.1 77.7 82.9 
Apr 1671.3 86.7 46.7 22.7 9.0 3.0 9.0 0.0 0.0 0.0 0.0 4.3 53.3 77.3 91.0 97.0 
May 1539.8 89.4 54.2 35.2 25.2 12.6 10.0 0.0 0.0 0.0 0.0 0.6 45.8 64.8 74.8 87.4 
Jun 1926.5 92.7 68.3 37.0 26.7 16.3 5.7 0.0 0.0 0.0 0.0 1.7 31.7 63.0 73.3 83.7 
Jul 1967.9 88.4 65.5 40.3 24.2 16.1 10.3 0.0 0.0 0.0 0.0 1.3 34.5 59.7 75.8 83.9 
Aug 1727.8 89.0 62.6 33.2 18.1 6.1 8.1 0.0 0.0 0.0 0.0 2.9 37.4 66.8 81.9 93.9 
Sep 1947.7 88.0 65.7 34.3 22.0 12.0 8.3 0.0 0.0 0.0 0.0 3.7 34.3 65.7 78.0 88.0 
Oct 1984.3 82.9 68.1 43.9 28.4 18.1 13.5 0.0 0.0 0.0 0.0 3.5 31.9 56.1 71.6 81.9 
Nov 1776.0 79.7 65.7 49.7 41.3 26.7 19.7 0.0 0.0 0.0 0.0 0.7 34.3 50.3 58.7 73.3 
Dec 1728.9 78.4 62.6 48.7 36.1 26.8 20.3 0.0 0.0 0.0 0.0 1.3 37.4 51.3 63.9 73.2 
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Table 3. Electric lighting to supplement the daylight from the window with automated blind 
Month 
Interior daylight availability (lux) 
Supplementing electric light for 
workplane illuminance of 500 lux 
(Lux) 
Light power density for workplane 
illuminance of 500 lux (W/m2) Average light power 
density 
(W/m2) 
Light 
power 
reduction 
(%) 10%D 30%D 50%D 70%D 90%D 10%D 30%D 50%D 70%D 90%D 10%D 30%D 50%D 70%D 90%D 
East orientation 
Jan 892 305 205 132 92 143.5 263.0 313.0 374.2 411.8 5.4 9.4 11.1 13.2 14.5 10.7 38.7 
Feb 887 282 188 122 85 151.8 272.7 328.1 386.0 420.4 5.6 9.7 11.6 13.6 14.8 11.1 36.6 
Mar 769 224 154 88 59 194.9 327.0 379.2 421.3 445.0 7.1 11.6 13.4 14.8 15.6 12.5 28.5 
Apr 938 238 136 77 54 241.2 351.2 392.3 430.4 451.5 8.7 12.4 13.8 15.1 15.8 13.2 24.7 
May 904 222 147 97 67 160.1 324.3 380.9 422.0 445.6 5.9 11.5 13.4 14.8 15.6 12.3 29.9 
Jun 1081 275 182 117 82 131.2 275.9 337.5 392.4 424.7 4.9 9.9 11.9 13.8 14.9 11.1 36.5 
Jul 1084 278 183 118 82 118.7 275.9 333.9 389.9 423.0 4.5 9.9 11.8 13.7 14.9 11.0 37.3 
Aug 739 210 135 86 60 231.2 343.8 386.0 422.7 445.9 8.3 12.2 13.6 14.8 15.6 12.9 26.1 
Sep 1079 279 179 115 81 155.7 284.0 338.1 390.0 423.0 5.8 10.1 12.0 13.7 14.9 11.3 35.4 
Oct 1104 315 207 134 93 146.2 258.0 309.8 371.5 410.2 5.4 9.2 11.0 13.1 14.4 10.6 39.1 
Nov 902 309 206 133 93 151.6 261.4 314.0 374.8 412.8 5.6 9.4 11.1 13.2 14.5 10.8 38.3 
Dec 812 305 205 133 93 150.7 257.0 310.7 374.3 412.5 5.6 9.2 11.0 13.2 14.5 10.7 38.7 
West orientation 
Jan 829 230 150 98 68 132.4 297.6 355.4 403.9 433.1 5.0 10.6 12.6 14.2 15.2 11.5 34.2 
Feb 824 225 145 94 65 137.6 310.5 364.9 411.3 438.2 5.2 11.0 12.9 14.5 15.4 11.8 32.6 
Mar 844 192 123 80 58 153.3 335.3 392.9 431.1 451.9 5.7 11.9 13.8 15.1 15.8 12.5 28.6 
Apr 930 150 91 56 39 155.4 375.0 421.5 450.0 465.2 5.8 13.2 14.8 15.8 16.3 13.2 24.6 
May 898 185 117 75 52 137.4 332.7 391.8 430.5 451.4 5.1 11.8 13.8 15.1 15.8 12.3 29.4 
Jun 828 197 127 81 57 123.4 321.9 383.5 424.8 447.5 4.7 11.4 13.5 14.9 15.7 12.0 31.1 
Jul 846 198 126 81 56 118.3 319.2 381.9 424.0 446.9 4.5 11.3 13.5 14.9 15.7 12.0 31.5 
Aug 776 168 102 65 45 135.6 343.3 402.2 437.9 456.7 5.1 12.1 14.1 15.4 16.0 12.5 28.2 
Sep 781 195 113 73 51 126.9 325.5 390.5 429.8 451.0 4.8 11.5 13.8 15.1 15.8 12.2 30.2 
Oct 874 217 138 89 62 125.2 309.9 366.5 412.0 438.6 4.7 11.0 12.9 14.5 15.4 11.7 33.0 
Nov 1025 284 186 120 84 124.3 278.2 325.8 380.6 416.9 4.7 9.9 11.5 13.4 14.6 10.8 37.9 
Dec 966 271 177 115 80 134.9 289.7 334.2 386.1 420.6 5.1 10.3 11.8 13.6 14.8 11.1 36.4 
 
4. Conclusion 
The daylighting performance of the clear glazed window with automated vertical slats was investigated 
through the experiments and the simulations for east and west facades of a building under the tropical climate.  
The window with clear glasses and automated blind help provide the useful daylight illuminance, the interior 
daylight availability and the reduction of energy consumed by lighting and by cooling due to the heat dissipated 
from the electric lamps.  The study demonstrates the use of daylight from the window with automated vertical 
blind integrating dimmable lighting system.  The daylighting of the slat window can be saved more than 24% of 
electric lighting energy in every month of the simulated year while maintaining illuminance at the workstation 
at the required level for buildings in the tropical climate. 
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